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httpDigital obstructive arterial disease can be detected
by laser Doppler measurements with high sensitivity
and speciﬁcity
Guillaume Mahe, MD, PhD,a,b David A. Liedl, RN,a Charlene McCarter, RVT,a Roger Shepherd, MD,a
Peter Gloviczki, MD,a Ian R. McPhail, MD,a Thom W. Rooke, MD,a and Paul W. Wennberg, MD,a
Rochester, Minn; and Angers, France
Objective: This study was conducted to determine the sensitivity and speciﬁcity of laser Doppler ﬂowmetry (LDF)
measurements for digital obstructive arterial disease (DOAD) using angiography as the reference standard and to
compare the accuracy of different classical tests used to assess DOAD. Diagnosis of vascular abnormalities at the digital
level is challenging. Angiography is the gold standard for assessment of DOAD but is invasive and expensive to perform.
Methods: We performed a retrospective analysis of consecutive patients referred at Mayo Clinic (Rochester, Minn) for
upper extremity arterial assessment during a 27-month period. Finger-brachial index, skin blood ﬂow (in arbitrary units
[a.u.]), and skin temperature (in degrees Celsius) were recorded in each digit on the pulp at baseline and after a thermal
challenge test (hand placed in a thermal box at 47.0C for 15 minutes). Angiogram analysis was blinded and performed
by a radiologist using a vascularization scale ranging from 0 (no vessel) to 4 (normal). The receiver operating charac-
teristic curve was used to deﬁne a speciﬁc cutoff point to detect DOAD. Twenty-two patients had LDF measurements and
complete angiograms.
Results: A total of 185 digits were analyzed because some patients had only analysis of one hand. The best area under the
curve (AUC) was 0.98 (range, 0.94-0.99) for postwarming skin blood ﬂow, with a cutoff point of #206 a.u. This AUC
was statistically different from AUCs of all the other tests (P < .01). Sensitivity and speciﬁcity were 93% (95% conﬁdence
interval, 85%-97%) and 96% (95% conﬁdence interval, 90%-99%), respectively.
Conclusions: LDF combined with a thermal challenge is highly accurate, safe, and noninvasive means to detect
DOAD. (J Vasc Surg 2014;59:1051-7.)Arterial disease of the upper extremity is relatively infre-
quent compared with lower extremity disease.1 Typical
symptoms of arterial upper extremity disease include
pain, tightness, and cramping in one or both upper extrem-
ities during use, Raynaud phenomenon, and ulcers or
gangrene at the ﬁngers. Common causes of arterial upper
extremity disease are atherosclerosis, embolic disease,
systemic disease (eg, vasculitis, scleroderma, and diabetes),
and secondary anatomic abnormalities such as thoracic
outlet syndrome or hypothenar hand syndrome. At the
arm and forearm levels, abnormalities can be easily diag-
nosed noninvasively by using arm and forearm pressure
measurements and pulse wave analysis, duplex ultrasound
examination, or by imaging with computed tomographythe Gonda Vascular Center, Mayo Clinic, Rochestera; and the L’Uni-
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://dx.doi.org/10.1016/j.jvs.2013.10.076angiography or magnetic resonance angiography.2 At the
ﬁnger level, however, the diagnosis of vascular abnormali-
ties is challenging.1 Angiography is still considered the
gold standard to assess digital arterial patency.3
The clinical difﬁculty at the ﬁnger level is to determine
whether the patient has normal blood vessels, vasospasm,
or digital obstructive arterial disease (DOAD). There is
a need to develop a tool for clinicians who wish to differen-
tiate these states without performing invasive procedures
such as angiography.
For more than a decade, laser Doppler ﬂowmetry
(LDF) has been used to assess skin vascular function.4,5
LDF has proven to be useful for lower extremity arterial
disease, especially for critical limb ischemia.6,7 We hypoth-
esized that LDF with provocation test (warming at 47.0C
within 15 minutes) is accurate for detecting DOAD.
METHODS
The Mayo Clinic Institutional Review Board approved
this study.
Study design and population. We performed a retro-
spective study of 49 consecutive patients who were referred
to our laboratory for a ﬁrst arterial upper extremity assess-
ment during a 27-month period at Mayo Clinic (Roches-
ter, Minn).
Inclusion criteria were (1) patients referred to the phys-
iologic vascular laboratory for upper extremity arterial eval-
uation, (2) patients with a majority of ﬁnger pulp1051
Fig 1. a, Laser Doppler ﬂowmetry (LDF) measurement was
performed on the pulp ﬁnger to obtain baseline skin blood ﬂow
(SBF). b, LDF measurement was performed on the pulp ﬁnger in
the warming box (postwarming SBF).
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angiography #3 months of the LDF measurements. The
exclusion criterion was incomplete angiograms (ie, hands
were not studied).
Vascular laboratory investigations. Patients were
brought to the laboratory examination room and allowed
to acclimate to the room temperature (ie, room tempera-
ture is kept constant throughout the year at 23C), typi-
cally 10 minutes before the study start. The study was
performed with the patient seated upright in a chair. Regis-
tered vascular technicians with an average longevity in the
laboratory of more than a decade performed the vascular
investigations. Patients were not refrained from use of nico-
tine or caffeine before vascular laboratory investigations.
Finger-brachial index. The MultiLab Series II (Une-
tix Vascular Inc, North Kingstown, RI) was used to
measure the blood pressures in the arm and digits. At the
digital level, a pressure cuff was placed on the proximal
phalanx, whereas the photoplethysmography sensor was
placed on the distal phalanx to allow comparison with
LDF measurements and skin temperature measurements.
The ﬁnger-brachial index was calculated as ﬁnger pressure
divided by the highest brachial pressure.
LDF and temperature measurements. Before LDF
measurements were performed, baseline skin temperature
was measured on each ﬁnger on the third pulp phalanx.
LDF allows real-time recordings of skin blood ﬂow
(SBF).4,5 The system directs a low-power laser beam into
the skin where it is reﬂected back from tissues that are
moving (blood) or stationary (other cutaneous structures).
The measuring depth is 0.5 to 1.0 mm. The light reﬂecting
from a moving structure, such as a blood cell, undergoes
a Doppler shift, whereas light striking stationary tissue does
not. The “amount” of light undergoing a Doppler shift is
proportional to the volume of moving material (or blood)
in the skin, and the magnitude of the shift is proportional
to the blood velocity. Unfortunately, LDF cannot provide
absolute perfusion values in terms of mL/min/100 gram
tissue. Therefore, SBF is expressed in arbitrary units (a.u.),
which are displayed on the laser system. To enable
consistency and comparison of results, the laser Doppler
system is regularly calibrated with a motility standard as
directed by the manufacturer. To avoid abnormal micro-
vascular reactivity, measurements must be performed after
at least 15 minutes of temperature acclimation in a room
with constant temperature.8
The LDF measurements were performed after a stan-
dard arterial upper extremity study. Two series of LDF
measurements were performed on each ﬁnger: a baseline
measurement at room temperature (baseline SBF) and
a postwarming measurement (postwarming SBF) after the
hand was placed within a warming box for 15 minutes
(Fig 1). The warming box was located in the examination
room.
Baseline perfusion measurements were obtained using
a single-point LDF probe on each digit (Probe 457 with
a ﬁber separation of 0.25 mm and wavelength of
780 nm; Perimed, Jarfalla, Sweden) connected to a PerimedPF 5010 LDPM unit. The probe was attached to the pulp
surface of the skin using double-stick strip tape to help
secure the laser Doppler probe head to the digit and to
decrease artifact. The laser probe was kept on each digit
for w1 to 2 minutes to ensure stable readings.
Once baseline perfusion measurements were obtained,
the hands were placed in the warming box (a proprietary
design by Osborn Medical, Utica, Minn), which is unique
to the Mayo Clinic, at a temperature of 47C. The hands
remained inside the warming box for 15 minutes. After
15 minutes, single-point LDF measurements (probe
heated to 44.0C) of each digit were repeated while the
hands remained inside the warming box (Fig 1). The probe
was heated to 44.0C to avoid a temperature difference
between the skin and the probe that could induce vasocon-
striction. The laser Doppler probes remained on each digit
forw2 minutes to ensure stable readings. The hands were
removed from the warming box, and skin temperatures
were immediately recorded in all digits at the third pulp
phalanx. This skin temperature value was called the post-
warming pulp temperature. The entire laser procedure
took w30 minutes.
Fig 2. Grading scale for digital arteries obtained with angiog-
raphy. Grades 0, 1, and 2 were considered as digital obstructive
arterial disease (DOAD).
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angiograms at his or her discretion. Angiograms were per-
formed and interpreted by a radiologist who was blinded to
the results of the LDF measurements. The temperature of
the angiography room was set at 23C. In brief, for the
angiography procedure, a catheter introduced by a femoral
access was placed in the brachial artery. Vasodilators were
used according to the radiologist’s decision. A total of
185 digits were available for interpretation, because in
some patients, both hands were not studied. A grading
scale was developed to analyze the digital arteries from 4
(normal) to 0 (no vessels). Grading was as follows (Fig 2):
0dNo visible arterial ﬂow beyond the proximal joint
1dSevere disease, no arterial ﬂow to the tip of the
digit
2dModerate disease, broken arterial ﬂow with
collaterals present; no contrast blush at the pulp
3dMild disease, interrupted in-line arterial ﬂow,
well collateralized with normal ﬁnger pulp contrast
blush
4dNormal
Statistical analysis. We considered angiograms grade
0, 1, and 2 as positive for arterial obstructive disease,
whereas grade 3 and 4 were considered normal. The prev-
alence was calculated using the gold standard (angiogram)
and as follows: number of occluded digits divided by the
number of digits studied. The correlation between angio-
gram grades and results of each test were studied with
the Pearson correlation coefﬁcient. The different LDF
parameters that we studied were baseline SBF, postwarm-
ing SBF, and deltapostwarming SBF e baseline SBF.
Receiver operating characteristic (ROC) curves were
used to study the relationship among LDF parameters,
ﬁnger-brachial index, baseline pulp temperature, postwarm-
ing pulp temperature, and the results of the angiograms.9
This technique is based on calculating the sensitivity and
speciﬁcity of a test for each value of the studied variable inthe diagnosis of a disease state. An area under the curve
(AUC) of 1.0 indicates perfect performance of the test,
whereas an AUC of 0.5 indicates no discriminatory power.
The advantages of this method are (1) an objective determi-
nation of the performance of a test through the calculation
of the AUC can be performed and (2) a cutoff point can
be determined objectively for a clinical use. We used the
cutoff point to calculate the best sensitivity, speciﬁcity, posi-
tive predictive value (PPV), and negative predictive value
(NPV).9 Likelihood ratioepositive [(LRþ ¼ Sensitivity/
(1-Speciﬁcity)] and likelihood ratioenegative [LRe ¼ (1-
Sensitivity)/Speciﬁcity] were also calculated. Statistical anal-
yses were performed with MedCalc 12.6.1.0 software
(MedCalc Software, Mariakerke, Belgium). To test the
statistical signiﬁcance of the difference between the areas
under dependent ROC curves (derived from the same
cases), we used the method of DeLong et al.10 For all statis-
tical tests, a two-tailed probability level of P < .05 was used
to indicate statistical signiﬁcance.
RESULTS
During a 27-month period, 49 patients met the inclu-
sion criteria and were eligible for the study (Fig 3); of these,
22 patients were analyzed because 27 were excluded due to
incomplete imaging. Among the 22 patients included, 12
were men (55%), and the mean age was 55 6 16 years.
Eleven of 22 patients took vasodilator medications, and
none took vasoconstrictor medications. Characteristics of
patients are presented in Table I. Patients were referred
to our laboratory for atherosclerosis of the upper extremi-
ties (3 patients), ulceration (5 patients), rest pain (2
patients), rest pain and vasospasm (1 patient), embolization
(1 patient), thoracic outlet syndrome (1 patient), thoracic
outlet syndrome and vasospasm (3 patients), vasospasm
or Raynaud phenomenon (6 patients).
Angiograms were performed in 20 patients (91%) after
the vascular investigations. The numbers of ﬁngers in
each angiographic grading scale were 59 (32%), 18
(10%), 9 (5%), 38 (20%), and 61 (33%) for grades 0, 1,
2, 3, and 4, respectively. The r2 values after studying the
relationship between angiogram grade and the different
tests were 0.01, 0.04, 0.73, 0.55, 0.01, and 0.50 for
baseline pulp temperature, baseline SBF, postwarming
SBF, deltapostwarming SBF e baseline SBF, postwarming pulp
temperature, and ﬁnger-brachial index, respectively. No
patient had adverse events. The ROC curves for baseline
pulp temperature, baseline SBF, postwarming SBF,
deltapostwarming SBF e baseline SBF, postwarming pulp temper-
ature, and ﬁnger-brachial index are presented in Fig 4.
The best AUC was found for postwarming SBF and was
statistically different from the other tests (P < .01;
Fig 4). A high sensitivity and speciﬁcity was found for the
postwarming SBF (Table II).
DISCUSSION
Upper extremity arterial disease presents with a variety
of symptoms, ranging from cold ﬁngers to vasospasm to
ulceration. This wide variability in symptoms, combined
Fig 3. Flow of patients through the study. The index text was the postwarming laser Doppler ﬂowmetry (LDF)
measurement. Results were considered as abnormal when postwarming skin blood ﬂow (SBF) was#206 arbitrary units
(a.u.) and considered as normal when >206 a.u. according to receiver operating characteristic (ROC) curve result.
Arterial occlusive disease of the ﬁnger was present when arteriograms were graded 0, 1, and 2 and absent when
arteriograms were graded 3 or 4.
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extremity arterial diseases, makes diagnosis difﬁcult even
for experienced vascular clinicians. It is most important
for the clinician to differentiate whether the patient has
an arterial obstructive disease or vasospasm at the ﬁnger.
Clinically, DOAD is mainly due to thromboembolism,
connective tissue disease (eg, scleroderma), or thromboan-
giitis obliterans, whereas vasospasm is mainly due to
primary Raynaud phenomenon and iatrogenic causes (eg,
b-blockers) or is idiopathic. Unfortunately, a great amount
of overlap exists in the presentation of these patients, even
when the clinical examination suggests a diagnosis.
Although proximal arterial extremity disease can be
easily diagnosed using (1) functional assessments such as
multilevel Doppler signals, pulse volume recordings, and
segmental pressures and (2) imaging tools such as duplex
ultrasound imaging or computed tomography angiography
and magnetic resonance angiography, assessment at the
ﬁnger level is challenging.11
Angiography has proven its role in the evaluation of the
digital arteries, but this technique is invasive and carries
small but real risks from contrast administration and arterial
cannulation.12,13 A speciﬁc protocol using high-resolution
magnetic resonance angiography (3 Tesla) has recently
been developed to study the digital arteries in systemic scle-
rosis patients and could be of interest for distal arterial
upper extremity assessment without the use of contrast
agent.3 The main drawbacks of these techniques are that
they are expensive and cannot be performed in an ofﬁcesetting coinciding at the same time as the appointment
with the physician.
Our study shows that LDF used with heat provoca-
tion (hands in a warming box) has a high sensitivity of
93% (95% conﬁdence interval [CI], 85%-97%) and speci-
ﬁcity of 96% (95% CI, 90%-99%) compared with angio-
grams in the diagnosis of DOAD. From a clinical
viewpoint, the PPV is high (95%; 95% CI, 88%-99%),
which means that a patient has a 95% risk of having
a DOAD when the LDF measurement is positive (post-
warming SBF #206 a.u.). NPV is also high (94%; 95%
CI, 88%-98%), which means that a patient has a 94% of
chance of having no DOAD when the LDF measurement
is negative (postwarming SBF >206 a.u.). It seems impor-
tant to underline that the PPV depends on the prevalence
of the disease (grade 0, 1, and 2), which was here quite
high (46.5%).
Among the different tests evaluated, LDF with heat
provocation has the greatest AUC. We must point out that
LDF warming was performed in all ﬁngers, whereas the
ﬁnger-brachial index, which also has a good AUC, was
only evaluated in 169 ﬁngers. The ﬁnger-brachial in-
dex measurement failed on 16 ﬁngers, whereas we had no
failure with LDF measurements. Owing to the retrospective
nature of the study, it is not possible to know if this was a
technical problem or secondary to patient discomfort.
According to our results, it seems that LDFwith heat provo-
cation should be performed instead of measuring the ﬁnger-
brachial index with the photoplethysmography sensor.
Table I. Characteristics of the population studied
Characteristic
Median
(25th percentile;
75th percentile)
or No. (%) (n ¼ 22)
Age, years 52 (45; 66)
Male 12 (55)
Height, cm 170 (163; 176)
Weight, kg 74 (56; 84)
Smoking status
Never smoked 11 (50)
Former 7 (32)
Active smoker 4 (18)
Diabetes 3 (14)
Cholesterol, mg/dL
Low-density lipoprotein 104 (78; 118)
High-density lipoprotein 56 (42; 71)
Interval between LDF measurements
and angiography, days
5 (2; 15)
Final diagnosis
Diabetes mellitus complicated by
vasculopathy
2 (9)
Anticardiolipin antibody syndrome 1 (5)
Hypothenar hammer syndrome 3 (14)
CREST syndrome 1 (5)
Polycythemia vera 1 (5)
Thromboangiitis obliterans 2 (9)
Small vessel vasculitis indeterminate
origin
1 (5)
Systemic sclerosis 1 (5)
Left thoracic outlet syndrome 1 (5)
Relapsing polychondritis complicated
by vasculitis
1 (5)
Steal syndrome due to arteriovenous
ﬁstula
1 (5)
Vasospastic reaction due to recurrent
minor trauma
1 (5)
Overlap syndromea 1 (5)
Rheumatoid arthritis 1 (5)
Idiopathic vasospasm 4 (18)
CREST, Calcinosis, Raynaud phenomenon, Esophageal dysmotility, Scle-
rodactyly, and Telangiectasia; LDF, laser Doppler ﬂowmetry.
aOverlap syndrome is an entity that satisﬁes the criteria of at least two
connective tissue diseases.
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Fig 4. Receiving operator characteristic (ROC) curves for
baseline skin blood ﬂow (SBF), postwarming SBF, deltapostwarming
SBF e baseline SBF, ﬁnger-brachial index, baseline pulp temperature,
and postwarming pulp temperature to detect digital obstructive
arterial disease (DOAD) grades 0, 1 and 2. The best area under the
curve (AUC) was found for the postwarming LDF and was
statistically different from the other tests (*).
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as a form of DOAD. If grade 2 digits were considered
normal, the AUC, sensitivity, and speciﬁcity of the LDF
heat provocation test would have been 0.99 (95% CI,
0.96-1.00), 99% (95% CI, 93%-100%), and 95% (95% CI,
90%-99%), respectively, with a cutoff of #179 a.u.
LDF measurements could clarify whether a patient has
vasospasm. Indeed, vasospasm causes a decrease in baseline
LDF values, whereas hand warming increases LDF
values.14,15 Patients with vasospasm and no arterial obstruc-
tive disease would have a normal postwarming SBF (>206
a.u.) with a low baseline SBF. Several authors have used the
cooling test to assess microvascular function because
patients with Raynaud symptoms often experience the
symptoms in response to cold or emotional stimuli.14,16,17
However, performing a cooling test in patients with symp-
toms suggestive of arterial distal upper extremity disease isoften painful. It would be useful to deﬁne the LDF cutoff
value for vasospasm, but no gold standard exists.
The LDF measurement with heat provocation appears
to be a good option for studying vascular abnormalities at
the ﬁnger level. Its advantages are that it is safe, painless,
inexpensive compared with angiography and magnetic
resonance angiography, and provides the physician with
a quick answer about the patient’s arterial status. The prov-
ocation test used with LDF is only performed when most
of a patient’s ﬁngers have pulp temperatures of <30.0C.
When most of a patient’s ﬁngers have pulp temperatures
>30.0C, we perform hand immersion in ice water unless
an ulcer is present. This procedure is uncomfortable, and
the protocol has not been evaluated against angiography.
The choice of performing hand immersion or heat provo-
cation tests is based on our laboratory procedure. When
the ﬁnger skin temperature is >30C, it is unlikely that
an arterial obstruction is present because the temperature
of the ﬁnger skin relies on the blood ﬂow supplying the
ﬁnger. However, when the clinical question is to know
whether a DOAD is present, we think that this test could
be proposed even if the temperature is >30C in most of
Table II. Overall diagnostic accuracy, cutoff points determined by receiver operating characteristic (ROC) curves, and
areas under the curve (AUC) for all tests to detect digital obstructive arterial disease (DOAD)a
Tests
Cutoff
point
Sensitivity,
% (95% CI)
Speciﬁcity,
% (95% CI)
PPV,
% (95% CI)
NPV,
% (95% CI)
AUC
(95% CI)
LHþ
(95% CI)
LHe
(95% CI)
Baseline SBF, a.u. 57 76 (65-84) 52 (41-62) 58 (48-67) 71 (59-81) 0.60 (0.52-0.67) 1.6 (1.2-2.0) 0.5 (0.3-0.7)
Postwarming SBF, a.u. 206 93 (85-97) 96 (90-99) 95 (88-99) 94 (88-98) 0.98 (0.94-0.99) 23 (8.8-60.2) 0.1 (0.0-0.2)
Deltapostwarming SBF e
baseline SBF
149 95 (89-99) 77 (67-85) 78 (69-86) 95 (88-99) 0.91 (0.86-0.95) 4.1 (2.9-5.9) 0.1 (0.0-0.2)
Finger-brachial index 0.67 76 (64-85) 90 (82-95) 84 (73-92) 84 (76-90) 0.87 (0.81-0.91) 7.5 (4.1-13.7) 0.3 (0.2-0.9)
Pulp temperature, C
Baseline 22.7 98 (92-100) 31 (22-41) 55 (47-63) 94 (80-99) 0.54 (0.46-0.61) 1.4 (1.2-1.6) 0.7 (0.0-0.3)
Postwarming 35.8 42 (31-53) 67 (57-76) 52 (40-64) 57 (47-66) 0.53 (0.45-0.60) 1.3 (0.9-1.8) 0.9 (0.7-1.1)
a.u., Arbitrary units; CI, conﬁdence interval; LHþ, likelihood positive; LHe, likelihood negative; NPV, negative predictive value; PPV, positive predictive
value; SBF, skin blood ﬂow.
aThe ROC curve was calculated on 169 ﬁngers only.
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ment with heat provocation in this speciﬁc condition
deserve additional studies.
This study has some limitations. The main drawback of
heat provocation testing is that, to our knowledge, the
warming box is not yet commercially available. The warm-
ing box that we use is a proprietary design that was built to
our requirements. In the past, a modiﬁed infant incubator
was used. We hope that this work will encourage a manu-
facturer to develop a warming box. Each manufacturer
would likely use a speciﬁc motility standard for calibration
as well as speciﬁc ﬁber separation, laser wavelength, band-
width, or algorithm. According to these considerations, the
cutoff value found in this study would only be applicable if
the same laser Doppler device were used in the same room
conditions.
In this study, only one radiologist performed the
grading to avoid interobserver variability. Unfortunately,
intraobserver variability was not tested because of the retro-
spective design of the study. We also did not assess the
reproducibility of our LDF measurement. Unfortunately,
repeat studies are often not possible at our institution
because most patients travel a fair distance and have a short
stay. This issue remains to be studied because the repro-
ducibility of LDF is widely discussed even if it seems
greater at the pulp ﬁnger level than at the forearm level.18
High reproducibility would allow quantitative comparisons
of patients for follow-up visits and in assessing the effect of
treatment, for example. The recently commercialized laser
speckle contrast imaging may prove useful in assessing
DOAD due to its rapid signal acquisition and reproduc-
ibility compared with LDF.19CONCLUSIONS
Single-point LDF combined with thermal challenge is
a promising noninvasive technique for detecting arterial
obstructive disease in the ﬁngers (moderate abnormalities
to occlusion). A cutoff point for postwarming SBF of
#206 a.u. appears to be optimal for detecting arterial
obstruction at the ﬁngers. (Our suggested procedureaccording to the results of this study is presented in the
Appendix, online only).
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Procedure to perform laser measurement to detect
DOAD
LDF with provocation test (warming test in a warming
box) to assess DOAD suggested by the vascular laboratory
of Mayo Clinic, Rochester, Minn.
MATERIALS NEEDED
d Laser system (Perimed PF 5010 LDPM unit) with one
heating probe (Probe 457 with a ﬁber separation of
0.25 mm and wavelength of 780 nm; Perimed, Jarfalla,
Sweden).
d Warming box, which can be an incubator.
PROCEDURE
Patient is seated on a chair in the room (room temper-
ature, 23C) for a minimum of 15 minutes.
Preheat the warming box to 47.0 6 1.0C.Measure skin pulp temperature of each ﬁnger.
If most of the digits have a skin pulp temper-
ature <30C, then perform LDF with provocation test
(warming test in a warming box).
Place the patient’s hands in the warming box for
15 minutes and preheat the laser probes to 44C.
Use double-stick strip tape when possible to help
secure the laser Doppler probe head to the digit and to
decrease artifact.
After the required time, perform heated LDF measure-
ments while the patient’s hands remain in the warming
box. Keep the laser on each pulp ﬁnger forw1 to 2 minutes
to ensure stable readings.
Report the postwarming SBF for each digit in a.u.
INTERPRETATION
A postwarming SBF value of >206 a.u. is considered as
an absence of DOAD.
A postwarming SBF value of #206 a.u. suggests
DOAD.
